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PERFORMANCE OF A SINGLE-STAGE TRANSONIC COMPRESSOR WITH A
BLADE-TIP SOLIDITY OF 1.5 AND COMPARISON WITH 1.3- AND
1.7-SOLIDITY STAGES
by Walter M. Osborn, Donald C. Urasek, and Royce D. Moore
Lewis Research Center
—-— • —- •— SUMMARY ' ~~ '
The overall and blade-element performance of a transonic compressor stage is pre-
sented. The stage has a blade tip solidity of 1. 5 for both rotor and stator. Detailed ra-
dial and circumferential (behind stators) surveys of the flow conditions were made over
the stable operating range at rotative speeds from 50 to 100 percent of design speed.
The flow and performance parameters are compared with those of two previously tested
compressors, similar in design but with blade-tip solidities of 1. 3 and 1. 7.
Peak efficiency values for the rotor and stage were 0. 87 and 0. 82, respectively, and
occurred near design weight flow. The corresponding total pressure ratios were 1. 77
and 1. 71. The experimental values agree closely with the design values. Stall margin
for the stage was 14 percent based on weight flow and total pressure ratio at peak effi-
ciency and stall. The experimental rotor losses agree well with the design losses except
in the mid-blade span where the blade dampers are located. The stator losses also agree
well with design losses except near the end walls.
Comparison of the three stages in the solidity series showed that the performance of
the 1. 3 and 1. 5 solidity stages were nearly identical, with a peak efficiency of approx-
imately 82 percent. The performance of the 1. 7 solidity stage was significantly lower,
with a peak efficiency of 78.4 percent. Stall margin was highest for the 1.3 solidity stage
(17 percent) and lowest for the 1. 7 solidity stage (11.4 percent).
INTRODUCTION
A research program on axial-flow fans and compressors for advanced airbreathing
engines is currently being conducted at the NASA Lewis Research Center. This program
is primarily directed towards providing technology to permit reducing the size and weight
of fans and compressors while maintaining high levels of performance.
As a part of this program, a series of three transonic compressor stages was
designed and tested to evaluate the effect of blade row solidity on efficiency and stall mar -
gin. The blade tip solidities for the three stages were 1. 3, 1. 5, and 1. 7. The solidity
was changed by varying the number of blades while maintaining the same velocity dia-
grams and flow path. The stages were designed such that the tip solidity of both the rotor
and stator blades were the same. The performance for the 1. 3 and 1. 7 solidity stages
are presented in references 1 and 2, respectively.
This report presents the design, overall, and blade-element performances for both
the rotor and stator of the 1. 5 solidity stage. The stage is designated stage 8-8 (rotor 8,
stator 8). The blade-element survey data were obtained at 11 radial positions. The data
were obtained over the stable operating range of the stage for six rotative speeds from 50
to 100 percent of design speed. The data presented in this report are in tabular as well
as in plotted form. The symbols are defined and the equations are given in appendixes A
and B. The definitions and units used for the tabular data are presented in appendix C.
In addition, a limited number of performance parameters are compared for the three
stages in this stage solidity series.
AERODYNAMIC DESIGN
Three computer programs were used in the design of this compressor stage: the
streamline analysis program, the blade geometry program, and the blade coordinate pro-
gram. These three computer programs are presented in references 3 and 4; only a brief
description of each is presented in this report.
The streamline analysis program was used to calculate the flow field parameters at
several axial locations including planes approximating the blade leading and trailing
edges for both the rotor and stator. The weight flow, rotative speed, flow path geom-
etry, and radial distributions of total pressure and temperature are inputs in this pro-
gram. The program accounts for both streamline curvature and entropy gradients;
boundary-layer blockage factors are also included.
The distributions of velocity vector, total pressure, and total temperature calculated
in the streamline analysis program are used in the blade geometry program to compute
blade geometry parameters. Total loss computed within the program includes a calcu-
lated shock loss (as related to .the selected blade shape) and a profile loss. The profile
losses used for this stage are based on loss - diffusion-factor correlations that include
the data presented in reference 3 for the rotor and in reference 5 for the stator.
The blade geometry parameters are used in the blade coordinate program to compute
blade elements on conical surfaces approximating the stream surfaces passing through
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the blade. The blade elements are then stacked on a line passing through their centers of
gravity, and Cartesian blade coordinates, which are used directly in fabrication, are
computed.
The overall design parameters for stage 8-8 are listed in table I, and the flow path
geometry is shown in figure 1. This stage was designed for an overall pressure ratio of
1. 750 at a weight flow of 29. 5 kilograms per second (200. 6 (kg/sec)/m2 of annulus area).
The design tip speed was 423 meters per second. The stage was designed for a tip
solidity of 1. 5 for the rotor and 1. 5 for the stator. This resulted in 49 rotor blades with
an aspect ratio of 2.4 and 54 stator blades with an aspect ratio of 2. 0.
The blade-element design parameters for rotor 8 are presented in table n. This
rotor was designed for a radially constant total pressure ratio of 1. 80. The stator blade-
element design parameters are given in table HI. The blade geometry is presented in
table IV*for rotor-8-and in'table-Vfor-stator^8.^Both the rotor and-stator have multiple-
circular-arc blade shapes.
The equations used for calculating overall blade-element performance parameters




The compressor stage was tested in the Lewis single-stage compressor facility
which is described in detail in reference 4. A schematic diagram of the facility is shown
in figure 2. Atmospheric air enters the test facility at an inlet located on the roof of the
building and flows through the flow measuring orifice and into the plenum chamber up-
stream of the test stage. The air then passes through the experimental compressor
stage, into the collector, and is exhausted to the atmosphere.
Test Stage
Photographs of the rotor and stator are shown in figures 3 and 4, respectively.
Each rotor blade has a vibration damper located at about 48 percent span from the outlet
rotor tip. The maximum thickness of the damper was 0.214 centimeter. The nonrotat-
ing radial tip clearance of the rotor was a nominal 0.050 centimeter at ambient condi-
ions. The axial spacing between the rotor hub trailing edge and the stator hub leading
edge was 3. 33 centimeters.
Instrumentation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice that was 38.9 centimeters in diameter. The temperature at the orifice
was measured with two Chromel/Alumel thermocouples. Pressures at the orifice were
measured by calibrated transducers.
Radial surveys of the flow -were made upstream of the rotor, between the rotor and
stator, and downstream of the stator (fig. 1). Photographs of the survey probes appear
in figure 5. Total pressure, total temperature, and flow angle were measured with the
combination probe (fig. 5(a)), and the static pressure was measured with an 8° C-shaped
wedge probe (fig. 5(b)). Each probe was positioned with a null-balancing, stream-
direction-sensitive control system that automatically alined the probe to the direction of
flow. The probes were angularly alined in an air tunnel. Two combination probes and
two wedge static probes were used at each of the three measuring stations. The thermo-
couple material was iron constantan.
Inner- and outer-wall static pressure taps were located at the same axial stations as
the survey probes. The circumferential locations of both types of survey probes along
with inner and outer wall static pressure taps are given in figure 6. The combination
probe downstream of the stator (station 3) was circumferentially traversed one stator
blade passage (6.7°) counterclockwise from the nominal value shown.
An electronic speed counter, in conjunction with a magnetic pickup, was used to
measure rotative speed (rpm).
The estimated errors of the data based on inherent accuracies of the instrumentation
and recording system are as follows:
Weight flow, kg/sec ±0.3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K ±0.6
n
Rotor inlet total pressure, N/cm ±0.01
o
Rotor outlet total pressure, N/cm ±0.10
n
Stator outlet total pressure, N/cm ±0.10
O
Rotor inlet static pressure, N/cm ±0.04
O
Rotor outlet static pressure, N/cm ±0. 07
o
Stator outlet static pressure, N/cm ±0.07
At each measuring station the integrated weight flow is computed based on the radial
survey data. An indication of the consistency of the data can be observed by comparing
integrated weight flows at each of the measuring stations to the orifice weight flow.
Test Procedure
The stage survey data were taken over a range of weight flows from maximum flow to
the near-stall conditions. At 70, 90, and 100 percent of design speed, radial surveys
were taken at five weight flows. At 50, 60, and 80 percent of design speed, radial sur-
veys were taken for the near-stall weight flow only. Data were recorded at 11 radial po-
sitions for each speed and weight flow.
At each radial position the combination probe behind the stator was circumferentially
traversed to nine different locations across the outlet of the stator passage. The wedge
probe was set at midgap because previous studies showed that the static pressure across
the stator gap was nearly constant. Values of pressure, temperature, and flow angle
were recorded at each circumferential position. At the last circumferential position
values of pressure^, ^emperature, jindjftgw angle were also recorded at stations 1 and 2.
All probes were then traversed to the next radial position and the circumferential tra-
verse procedure repeated.
At each of the six rotative speeds the back pressure on the stage was increased by
closing the sleeve valve in the collector until a stalled condition was detected by a sudden
drop in stage outlet total pressure. This pressure was measured by a probe located at
midpassage and was recorded on an X-Y plotter. Stall was corroborated by large in-
creases in the measured blade stresses on both rotor and stator along with a sudden
change in noise level.
Calculation Procedure
Measured total temperatures and total pressures were corrected for Mach number
and streamline slope. These corrections were based on instrument probe calibrations
given in reference 6. The stream static pressure was corrected for Mach number and
streamline slope based on an average calibration for the type of probe used.
Because of the physical size of the C-shaped static-pressure wedges, it was imprac-
tical to obtain static-pressure measurements at the 5, 10, and 95 percent of span loca-
tions. The static pressure at 95 percent span was obtained by assuming a linear varia-
tion in static pressure between the values at the inner wall and at 90 percent span. A
similar variation was assumed between the static pressure measurements at the outer
wall and the 30 percent span to obtain the static pressures at the 5 and 10 percent span
locations.
At each radial position, averaged values of the nine circumferential measurements
of pressure, temperature, and flow angle downstream of the stator (station 3) were cal-
culated. The nine values of total temperature were mass averaged to obtain the stator-
outlet total temperature. The nine values of total pressure were energy averaged. The
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measured values of pressure, temperature, and flow angle were used to calculate axial
and tangential velocities at each circumferential position. The flow angle presented for
each radial position is calculated based on these mass-averaged axial and tangential
velocities. To obtain the overall performance, the radial values of total temperature
were mass averaged, and the values of total pressure were energy averaged. At each
measuring station, the integrated weight flow was computed based on the radial survey
data.
The data, measured at the three measuring stations, were translated to the rotor
and stator blade leading and trailing edges by the method presented in reference 4.
The weight flow at stall was obtained in the following manner: from a condition
near stall, the collector valve was slowly closed in small increments. At each incre-
ment the weight flow was obtained. The weight flow obtained just before stall occurred
is called the stall weight flow. The pressure ratio at stall was obtained by extrapolating
the total pressure obtained from the survey data to the stall weight flow.
Orifice weight flow, total pressures, static pressures, and temperatures were all
corrected to sea-level conditions based on the rotor inlet conditions.
RESULTS
The results from this investigation will be presented in four main sections: The
overall performance for the rotor and stage, the radial distributions of several perform-
ance parameters, for the rotor and stator, and, finally, the blade-element data for both
the rotor and stator. The data presented are computer plotted. Data points are omitted
if they fall outside the range of the parameters shown in the figures.
All machine plotted data and some additional performance parameters are presented
in tabular form. The overall performance data are presented in table VI. The blade-
element data are presented first for the rotor and then for the stator in tables VII and
VIE. The abbreviations and units used for the tabular data are defined in appendix C.
Overall Performance
The overall performance for rotor 8 and for stage 8-8 are presented in figures 7
and 8. For both of these computer plotted figures, data are presented for speeds from
50 to 100 percent of design speed. For 70, 90, and 100 percent of design speed, data are
presented at several weight flows from choke to the near-stall conditions. For 50, 60,
and 80 percent of design speed, the overall performance is presented for the near-stall
condition only. Design point values are shown as solid symbols in both figures. The stall
r
line (dashed line) shown in figure 8 was determined using the method discussed in the
Test Procedure Section.
At design speed peak efficiency for both rotor and stage occurred at a measured
O
equivalent weight flow of 29.4 kilograms per second (200.4 (kg/sec)/m of annulus area).
This is essentially design weight flow. At this point the experimental values of total
pressure ratio, total temperature ratio, and temperature rise efficiency for the rotor
(fig. 7) were 1.77, 1.20, and 0.87, respectively. For the stage (fig. 8) the experimental
values were 1. 71, 1.20, and 0. 82. The measured temperature ratio is the same as the
design value and indicates that the design energy input was achieved. The slightly lower
than design pressure ratio of the rotor results in a rotor efficiency that is approximately
2 percentage points lower than design efficiency. As the measured and design loss in
efficiency across the stator blade row are the same, the slightly lower than design stage
efficiency (approximately 2,percentage points) probably-results-from-the lower than de-
sign rotor efficiency.
At design speed the stall margin for the stage was 14 percent. The stall margin (de-
fined in appendix B) is based on the equivalent weight flow and pressure ratio at the peak
efficiency point and similar values for a point at stall (stall line values, fig. 8).
Radial Distributions
The radial distributions of selected flow and performance parameters for the rotor
and the stator are shown in figures 9 and 10, respectively. The radial distributions are
presented for design speed at flow conditions of near stall, peak efficiency, and near
choke. Curves are fitted to the peak efficiency data in order to compare these data with
the design values at a weight flow of 29. 5 kilograms per second. Design values are
shown by solid symbols.
Rotor. - The total-temperature-ratio distribution agrees well with design over the
entire blade span. The total-pressure ratio is higher than design from the blade tip to
30 percent blade span and near the hub but is lower than design over the remainder of the
blade. The radial distribution of total-temperature ratio and total-pressure ratio results
in an efficiency distribution that agrees well with design values except in the damper re-
gion. The deviation angles were lower than design from the blade tip to midspan and near
the hub but were higher than design over the remainder of the blade. Blade loading (dif-
fusion factor) agrees well with design across the entire blade passage. The losses agree
well with design between the blade tip and 30 percent span. Losses are greater than de-
sign from 30 to 80 percent span, particularly in the damper region (48 percent span).
The high damper losses contributed to the rotor experimental peak efficiency being 2 per-
centage points lower than the design efficiency. The effect of the damper on the loss dis-
tribution was unaccQuntedjQiLin the_aero.dynamic-design-of-the-rotor-blades.
Stator. - The deviation angle (fig. 10) was higher than design over the entire blade
span except at the 70 percent station. Blade loading (diffusion factor) approximated the
design, with exceptions at 10 and 90 percent blade span. The total loss distribution
agrees reasonably well with design except at 5 and 95 percent blade span.
Variation of Blade -Element Performance With Incidence Angle
r
The variations of selected rotor and stator blade-element performance parameters
with incidence angle are presented in figures 11 and 12, respectively. The data are pre-
sented for 70, 90, 100 percent of rotor design speed at blade elements located at 5, 10,
30, 52. 5, 70, 90, and 95 percent of blade span as measured from the rotor outlet blade
tip. Design values are shown by solid symbols. The various curves as a function of
incidence angle are presented primarily for future correlations in comparing the per-
formance of these blades with other blade designs. Only a few brief observations will be
made herein.
Rotor. - The rotor blades were designed for minimum loss to occur at zero inci-
dence angle. Except at the 5-per cent-span location, the minimum loss was obtained
within 1. 5° of zero incidence angle. At the 5-per cent-span location the losses continued
to decrease as the flow was increased (decreasing incidence angle) to the maximum flow
condition. The measured minimum loss values agreed closely with design values over
the blade span except near the blade hub (95.0-percent span) and at the 52. 5-percent span
where the effect of the damper is evident. The deviation angles were less than design at
all spans except 70- and 90-percent spans.
Stator. - The suction-surface incidence angle corresponding to minimum loss was
within 3° of the design incidence angle except in the blade tip regions. At the 5-, 10-,
and 95-percent span locations, the minimum loss was greater than design but at all other
spans the minimum loss was equal to or less than design. The deviation angles were
generally greater than design, particularity near the tip and near the hub.
COMPARISON OF PERFORMANCE WITH OTHER STAGES IN THIS SERIES
Overall Performance
The overall performance for the three stages in the solidity series are compared in
figure 13. The stages had tip solidities (for both the rotor and stator) of 1. 3 (ref. 1),
1. 5 (this report), and 1.7 (ref. 2). The overall performance is compared at 70, 90, and
100 percent of design speed.
The total pressure ratio performance curves for the 1.3 and 1. 5 solidity stages are
approximately the same for all three speeds. The total pressure ratio has significantly
dropped off for the 1. 7 solidity stage. At design speed, peak efficiency is approximately
0. 820 for the 1. 3 and 1. 5 solidity stages but is 0. 784 for the 1.7 solidity stage. Peak ef-
ficiency for the 1.3 and 1. 5 solidity stages occurred at essentially design weight flow
(29.5 kg/sec). However, the peak efficiency for the 1. 7 solidity stage occurred at a
lower weight flow (28. 6 kg/sec). Stall margin was best for the 1. 3 solidity stage (17
percent) followed by the 1. 5 (14 percent) and 1.7 (11.4 percent) solidity stages. All
three stages stalled as the rotor tip D-factor increased to about 0. 6.
Radial Distributions
Comparisons of selected radial distributions of .performance at design,speed for the
three blade-tip solidities of 1.3, 1. 5, and 1.7 are presented for the rotors and stators in
figures 14 and 15, respectively. All results are shown at near design weight flow. For
the data presented the 1.3 and 1.5 solidity blades were operating at peak efficiency.
However, the 1. 7 solidity blade was at a choked condition at near design weight flow and
operating at a low efficiency and low pressure ratio.
Rotor. - The spanwise distribution of efficiency and pressure ratio (fig. 14) are
nearly the same for the 1. 3 and 1. 5 solidity rotors. The level of these distributions for
the 1. 7 rotor is considerably less than those for the other two rotors. The blade loading
(diffusion factor) for the 1.7 solidity rotor is also lower than those for the other two
rotors, but the losses are the highest. If the maximum efficiency point of the 1. 7 solid-
ity rotor (table Vn(c), ref. 2) is used for comparison (lower than design weight flow), the
losses are still highest for the 1. 7 solidity rotor and the efficiency is lowest.
Stator. - The spanwise distribution of diffusion factor (blade loading) is nearly the
same for the 1. 3 and 1. 5 solidity stators. The 1. 7 solidity stator has a much lower level
\
of blade loading than the other two stators, but it has\the highest losses of all three
stators. If the maximum efficiency point of the 1. 7 solidity stator (table XIII(c), ref. 2)
is used for comparison (lower than design weight flow), the 1. 7 solidity stator still has
slightly higher losses than the other two stators in the middle portions of the blade span.
The abrupt increase in blade loading and losses in the hub and tip regions for all three
stators indicates that flow separation may be occurring in these regions. The deviation
angle trends are the same for all three stators.
Discussion of Solidity Effects
A previous study of rotors only at lower blade loading levels than those used in the
present investigation indicated an increase in performance as the blade solidity was in-
creased from 1.1 to 1. 5 (ref. 7). Because of that study, it was expected that, at the
higher loading level of the present stage, the higher solidities would provide improved
performance. However, the three transonic stages compared in this report indicated
that the best performance was obtained with the 1. 3 and 1. 5 blade tip solidities. The 1. 7
solidity resulted in lower performance primarily because of higher losses. The highest
solidity stage also operated at a lower maximum flow rate and achieved its best perform -
ance (but still lower than the other two stages) at lower than the design flow rate. Be-
cause of the higher number of blades, the design blade loading (D-factor) of the higher
solidity rotor is lower than that of the other rotors, and the rotors losses might be ex-
pected to be lower. Rotor tip design D-factors are 0. 503, 0. 519, and 0. 537 for the 1. 7,
1.5, and 1.3 solidity rotors, respectively.
The stage peak efficiencies are about 5 percentage points lower than the rotor peak
efficiencies for each of the three stages. The stators do not appear to limit stage per-
formance. Thus, the lower performance of the highest solidity stage may result from
;the design approach used for the three rotors. The minimum flow area over that ideally
required, considering the flow losses ahead of the minimum area, was designed to be
about the same for each of the rotors. This was accomplished by controlling the suction-
surface turning in the forward portion of the blade passage (X-factor). Because of the
increased blade blockage in the higher solidity rotor (greater number of blades) more
forward turning was required. This probably resulted in higher calculated suction-
surface Mach numbers and higher shock losses than were accounted for in the design.
Since the shock loss occurs ahead of the minimum area, this would reduce the area mar-
gin and could have resulted in local internal restriction of the flow. This probably ac-
counts for the higher than design losses and lower than design flow rates indicated for the
higher solidity stage. Thus, the design approach of using greater turning in the forward
portion of the blading to achieve the desired flow area may have resulted in the perform-
ance deficiency for the higher solidity rotor.
The criteria used in this solidity study, wherein the rotor aerodynamic blade chord
was held constant and the solidity was varied by changing the number of blades, may have
imposed a restriction on the high solidity stage. If longer blade chords;were used, the
flow path geometry could be modified for a high solidity design to achieve the desired
flow margin without the high calculated blade surface Mach numbers. Further analyses
of the blade-element data may indicate other design approaches that could improve the
performance of the high solidity stage.
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SUMMARY OF RESULTS
This report presents both the aerodynamic design parameters and the overall and
blade-element performance of a transonic compressor stage having tip solidities of 1. 5
for both rotor and stator. Detailed radial surveys of the flow conditions in front of the
rotor, between the rotor and stator, and behind the stator were made over the stage
stable operating flow range at rotative speeds from 50 to 100 percent of design speed.
Comparisons of the performance of three stages with tip solidities of 1.3, 1. 5, and 1.7
are also made. This investigation yielded the following results:
1. At design speed, the 1.5 solidity stage peak efficiency of 0. 82 occurred at a pres-
sure ratio of 1. 71 and a near-design weight flow of 29.4 kilograms per second. Stage
stall margin was 14 percent, based on pressure ratio and weight flow at peak efficiency
and stall. .
— 2r^The-1. 5-solidity-rotor peak efficiency-of Or87 occurred-at a-pressure ratio of 1. 77
and a near design weight flow of 29.4 kilograms per second. The two point difference be-
tween the design and measured value of efficiency was attributed to high losses in the
blade damper region that were not accounted for in the theoretical rotor design.
3. Except in the blade tip regions, the suction-surface incidence angles correspond-
ing to minimum losses at design speed were within 1.5° of the design value for the rotor
and 3 for the stator. Generally, the minimum loss values for both rotor and stator were
equal to or slightly higher than design values.
4. Comparison of three stages used to evaluate the effect of solidity showed that the
overall performance results of the 1. 3 and 1.5 solidity stages were nearly identical.
The performance of the 1.7 solidity stage was significantly lower. At design speed peak
efficiency was approximately 0. 820 for the 1.3 and 1.5 solidity stages and 0. 784 for the
1.7 solidity stage.
5. Stall margin was highest for the 1.3 solidity stage (17 percent) and lowest for the
1. 7 solidity stage (11.4 percent).
6. At near design weight flow, the radial distribution of total losses for both rotor
and stator of the 1. 7 solidity stage were greater over the entire blade span than for the
lower solidity stages. .
Lewis Research Center, _
National Aeronautics and Space Administration, "•





oA0_ annulus area at rotor leading edge, 0. 147 man
2Af frontal area at rotor leading edge, 0. 198 m
C specific heat at constant pressure, 1004 J/kg-K
c aerodynamic chord, cm
D diffusion factor
n
g acceleration of gravity, 9. 81 m/sec
i mean incidence angle, angle between inlet air direction and line tangent to blade
XII O
' mean camber line at leading edge, deg
ioo suction -surf ace incidence angle, angle between inlet air direction and line tangentss . •
to blade suction surface at leading edge , deg
J mechanical equivalent of heat
N rotative speed, rpm
n
P total pressure, N/cm
n
p static pressure, N/cm
r radius, cm
SM stall margin
T ! total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor blade hub leading edge, cm
a cone angle, deg
\s
01 slope of streamline, deg ,s •
(3 air angle, angle between air velocity and axial direction, deg
t
/3 relative meridional air angle based on cone angle,
arctan (tan 0m cos a /cos a J
y ratio of specific heats (1. 40)
12
6 ratio of rotor inlet total pressure to standard pressure of 10.13 N/cm
6° deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, deg
TJ efficiency
0 ratio of rotor inlet total temperature to standard temperature of 288. 2 K
K angle between the blade mean camber line and the meridional plane, deg
K angle between the blade suction surface camber line at the leading edge
ss
and the meridional plane, deg
a solidity, ratio of chord to spacing
w total loss coefficient
to profile loss coefficient
ui shock loss coefficient
Subscripts:
ad adiabatic (temperature rise)







TE blade trailing edge
z axial direction
0 tangential direction
.1 instrumentation plane upstream of rotor
2 instrumentation plane between rotor and stator
3 instrumentation plane downstream of stator
Superscript:
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
ratio of actual flow area to critical area (where local Mach number
is one)
meridional air angle, deg
angle between axial direction and conical surface representing
blade element, deg
difference between mean camber blade angle and suction-surf ace
blade angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and
mean defined by eq. (B2))
angle between blade mean camber line at leading edge and meri-
dional plane, deg
angle between blade mean camber line at leading at trailing edge and
meridional plane, deg
angle between blade mean camber line at transition point and
meridional plane, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)





































inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
radio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec
equivalent weight flow, kg/sec
ratio of suction-surface camber ahead of assumed shock location
of multiple-circular-arc blade section to that of double circular-
arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm
i .
axial distance to transition point from inlet, cm
REFERENCES
1. Urasek, Donald C. ; Moore, Royce D. ; and Osborn, Walter M. : Performance of a
Single-Stage Transonic Compressor with a Blade -Tip Solidity of 1. 3. NASA TM
X-2645, 1972.
2. Moore, Royce D. ; and Reid, Lonnie: Performance of a Single-Stage Axial-Flow
Transonic Compressor Stage with a Blade Tip Solidity of 1. 7. NASA TM X-2658,
1972.
3. Ball, Calvin L. ; Janetzke, David C.; and Reid, Lonnie: Performance of 13 80 -Foot -
per -Second -Tip -Speed Axial -Flow Compressor Rotor with Blade Tip Solidity of 1. 5.
NASA TM X-2379, 1971.
4. Grouse, James E. ; Janetzke, David C. ; and Schwirian, Richard E. : A Computer
Program for Composing Compressor Blading from Simulated Circular -Arc Elements
- — ~ -on-Conical"Surfaces~NASA TN"D^5437 1969.""" — — — — — ——•
5. Keenan, M. J. ; Harley, K. G. ; and Bogardus, G. A. : Experimental Evaluation of
Transonic Stators, Data and Performance Report, Multiple -Circular -Arc Stator A.
Rep. PWA-3260, Pratt & Whitney Aircraft (NASA CR-54621), 1968
6. Glawe, George E. ; Krause, Lloyd N. ; and Dudzinski, Thomas J. : A Small Combina-
tion Sensing Probe for Measurement of Temperature, Pressure, and Flow Direction.
NASA TN D-4816, 1968.
7. Hartman, Melvin J. ; Benser, WUliam A. ; Hauser, Cavour H. ; and Ruggeri, Robert
S. : Fan and Compressor Technology. Aircraft Propulsion. NASA SP-259, 1971,;
pp. 1-36.
-19-
TABLE I. - DESIGN OVERALL PARAMETERS
FOR STAGE 8-8
ROTOR TOTAL PRESSURE RATIO...... I.BOO
STAGE TOTAL PRESSURE RATIO • 1.750
ROTOR TOTAL TEMPERATURE RAT 10 1.205
STAGE TOTAL TEMPERATURE RATIO 1.205
ROTOR ADIABAT1C EFFICIENCY 0.890
STAGE ADIA8ATIC EFFICIENCY 0.843
ROTOR POLYTROPIC EFFICIENCY.,.. 0.898
STAGE POLYTROPIC EFFICIENCY 0.855
ROTOR HEAD RISE COEFFICIENT 0.296
STAGE HEAD RISE COEFFICIENT 0.281
FLOW COEFFICIENT 0.474
WT FLOW PER UNIT FRONTAL AREA U9.172
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BLADE ANCLES DELTA CONE
K1C KTC KOC INC ANCLE
39.07 31.12 -12.32 6.09 0.057
36.81 30.11 -11.06 6.12 0.066
35.23 29.21 -10.19 6.13 0.191
33.91 28.71 -8.99 6.14 2.315
34.34 29.24 -8.73 6.13 3.595
31.18 29.39 -8.70 6.13 3.868
31.63 29.51 -8.67 6.13 1.119
31.80 29.71 -8.61 6.12 1.138
31.98 29.88 -8.62 6.12 1.733
36.43 29.64 -8.22 6.06 7.105
39.40 30.32 -8.12 5.95 10.487
40.55 30.61 -8.17 5.91 11.382











































































































































































TABLE VI. - OVERALL PERFORMANCE FOR STAGE 8-8
(a) 100 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA.
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET '
ROTATIVE SPEED




















































































































(b) 90 Percent of design speed
Parameter '
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE R A T I O
ROTOR. TOTAL TEMPERATURE RATIO .
STAGE TOTAL TEMPERATURE R A T I O
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED

































































































(c) 80 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED






















TABLE VI. - Concluded. OVERALL PERFORMANCE FOR STAGE 8-
(d) 70 Percent of design speed
Parameter
'ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE'
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT SHTOR OUTLET
ROTATIVE SPEED

































































































(e) 60 Percent of design speed . (f) 50 Percent of design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL -PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RAT 10 '
ROTOR TEMP. RISE EFFICIENCY
STAGE' TEMP. RISE' EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA-
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
HT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET •
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED






















ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED






















TABLE Vn. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 8
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TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8

















































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
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TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
















































































































































































































































































































































































































































































































































TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8










8 . 19.086 19.367
9 16.891 17.589














































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8




























































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8














































































































































































































































































































































































































































































































































TABLE YE.. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8























































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
















































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
I
(k) 90 Percent of design speed; reading 73
















































































































































































































































































































































































































































































































































TABLE Vn. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8 .


















































































































































































































































































































































































































































































































































TABLE Vn. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8


















































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
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TABLE VII. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8

















































































































































































































































































































































































































































































































































TABLE VII. -Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8
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TABLE VH. - Continued. BLADE-ELEMENT DATA. AT BLADE EDGES
FOR ROTOR 8











































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FORROTOR 8
(r) 60 Percent of design speed; reading 82
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TABLE VH. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 8








































































































ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS
IN. OUT IN OUT IN RATIO IN RATIO
0.0 56.8 72.4 57.3 288.6 1 070 10 11 1 177
0.0 50.7 71.0 55.3 288.4 1.065 10J3 1*171
0.0 44.6 68.2 50.9 288.1 1.053 10.14 1.162
0.0 46.8 66.6 46.4 288,0 1.051 10 13 1 162
0.0 47.7 66.4 45.8 288.2 1.051 10*14 l ' i60
0.0 48.7 66.0 45.5 288.0 1.051 10 13 1 157
0.0 50.1 65.7 45.0 287.9 1.050 10.13 1*155
0.0 50.7 65.3 44.1 288.1 1.050 10.13 K153
0.0 49.1 63.1 35.3 288.0 1.047 10.13 1 154
• - 0 7 0 - — 5 0 . - 0 — 60.2'- 17;9- -288:0— i;048"^10'.T3 ^ 1 '167
0.0 52.7 58.6 7.9 288.1 1.050 10.13 1.180
MERID VEL TANG VEL WHFFI ^prrh
IN OUT IN OUT IN OUT flu rtnT
216.5 121.8 65.5 65.8 0.0 100.7 206.3 203 2
213.8 131.3 69.6 74.7 o.O 91.3 202 2 199 3



























































































































































































































TABLE VIH. -BLADE-ELEMENT DATA AT>BLADE EDGES FOR STATOR 8
(a) 100 Percent of design speed; reading 58
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TABLE VUI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE -ELEMENT DATA AT BLADE EDGES
FOR STATOR 8








































































































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATQR 8





























































































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8








































































































































































































































































































































































































































































































































































TABLE VTJI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8
(f) 100 Percent of design speed; reading 62









































































































































































































































































































































































































































































































































11 . 95.00.- .8.8- 2.9 10.9 • 0,561 0. 0.333 0.330 0.075 0.074
51
TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8















































































































































































































































































































































































































































































TABLE Vin. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8
(h) 90 Percent of design speed; reading 70








































































































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8
(i) 90 Percent of design speed; reading 71
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1.030
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'0.021
6.019







TABLE VIH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8







































































































































































































































































































































































































































































































































































TABLE Vin. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FORSTATOR8 .
(k) 90 Percent of design speed; reading 73
• ' - R A D I I : . ABS 8ETAM . REX BETAM TOTAL TEMP ' TOTAL PRESS
RP. • IN . OUT IN OUT IN OUT IN R A T I O IN ' R A T I O
.1 23.94523.947 52.3 7.8 52.3 7.8 358.7 0.991 17.38 0.959
2- 23.50523.538 47.4 4.7 47.4 4.7 352.0 0.998 17.31 0.962
















































































































































































































































































































































































































































































TABLE VIH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8










































































































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8











































































































































































































































































































































































































































































































TABLE VIE. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8






















































































































































































































































































TOTAL TEMP TOTAL PRESS
IN RATIO IN RATIO
312.4 0.999 12.65 0.939
310.4 1.00! 12.68 0.962
308.9 0.999 12.71 0.973
309.1 0.999 12.71 0.974
309.4 0.999 12.76 0.972
310.2 0.997 12.74 0.977
310.5 0.996 12.73 0.980
310.1 0.998 12.78. 0.976
310.2 0.998 12.94 0.973
- 31274—1^004-— 13734—07977




























































































































































































TABLE Vin. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8
















































































































































































































































































































































































































































































































































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8







































































































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8







































































































































































































































































































































































































































































































































































TABLE Vm. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8



































































































































































































































































































































































































































































































































































TABLE Vm. -Concluded. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 8
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Figure 1. - Flow path for stage 8-8, showing axial location of instrumentation.
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Figure 2. -Compressor test facility.
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C-70-3181





/ pressure taps for flow
3836 C-68-1280
(a) Combination total pressure, total temperature, and flow
angle probe (double barrel probe).
(b) Static pressure probe (8° wedge).
(a) Station 1.





(b) Station 2. (c) Station 3.
CD-11335-14
Figure 6. - Circumferential location of instrumentation at measuring stations - facing downstream.
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Figure 15. - Effect of solidity on stator radial distribution
at design speed and near design weight flow.
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